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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a nano SOI wafer having extremely 
excellent uniformity in thickness without using a CMP 
process and a wafer manufactured by the method. 
SOLUTION: In the manufacturing method of the nano 
SOI wafer, a bonded wafer and a reference wafer are 
provided, an insulating film is formed at least on one 
surface of the bonded wafer, an impurity ion is implanted 
at a low voltage by a specific depth from the surface of 
the bonded wafer for forming an impurity ion 
implantation section, the insulating film of the bonded 
wafer is allowed to come into contact with the reference 
wafer, low-temperature heat treatment is performed for 
cleaving the impurity ion implantation section of the 
bonded wafer, and the cleaved surface of the bonded 
wafer bonded to the reference wafer is etched for 
forming an element formation region in a nano scale. The 
etching to the cleaved surface is performed by hydrogen 
surface treatment and wet etching. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 

A phase equipped with a joint wafer and a criteria wafer. 

The phase of said joint wafer which forms an insulator layer in the whole surface at least, 
The phase which pours impurity ion into the predetermined depth by the low battery from the 
front face of said joint wafer, and forms impurity ion notes admission into a club, 
The phase which the insulator layer of said joint wafer and said criteria wafer are contacted 
mutually, and is pasted up, 

The phase which performs low-temperature heat treatment and carries out cleavage of the 
impurity ion notes admission into a club of said joint wafer, 

The manufacture approach of a nano SOI wafer including the phase which etches the front face 
where cleavage of said criteria wafer and said pasted-up joint wafer was carried out, and forms 
the component formation field of a nano-scale. 
[Claim 2] 

Said joint wafer is the manufacture approach of the nano SOI wafer according to claim 1 which is 
a single-crystal-silicon wafer, and is characterized by including further the phase which forms a 
silicon germanium layer in the front face of said joint wafer in which said insulator layer is formed 
before forming an insulator layer in said joint wafer. 
[Claim 3] 

The insulator layer which said joint wafer is a single-crystal-silicon wafer, and was formed in said 
joint wafer is the manufacture approach of a nano SOI wafer given in either of claims 1 or 2 
characterized by being the silicon oxide formed like the heat process. 
[Claim 4] 

It is the manufacture approach of a nano SOI wafer given in either of claims 1 or 2 characterized 
by for said impurity ion being a hydrogen ion and pouring in said hydrogen ion under the low 
battery of 30 or less Kevs. 
[Claim 5] 

The projection range distance of said hydrogen ion by which the ion implantation was carried out 
is the manufacture approach of the nano SOI wafer according to claim 4 characterized by being 
formed within the limits of 1000 thru/or 4000A from the front face of said joint wafer. 
[Claim 6] 

The phase of pasting up said joint wafer and criteria wafer is the manufacture approach of a 
nano SOI wafer given in either of claims 1 or 2 characterized by pasting up extending a touch 
area one by one after contacting some of said joint wafers and said criteria wafers. [ at least ] 
[Claim 7] 

The phase of pasting up said joint wafer and criteria wafer is the manufacture approach of the 
nano SOI wafer according to claim 6 characterized by carrying out in ordinary temperature. 
[Claim 8] 

The phase of pasting up said joint wafer and criteria wafer is the manufacture approach of the 
nano SOI wafer according to claim 6 characterized by pressurizing and pasting up, extending a 
touch area in the top direction one by one after contacting a part of perpendicular direction 



bottom [ at least ] of said joint wafer and said criteria wafer. 
[Claim 9] 

The phase which carries out cleavage of the impurity ion notes admission into a club of said joint 
wafer is the manufacture approach of a nano SOI wafer given in either of claims 1 or 2 
characterized by carrying out by heat-treating at low temperature 400 degrees C or less. 
[Claim 10] 

The manufacture approach of a nano SOI wafer given in either of claims 1 or 2 characterized by 
making into 30 thru/or 40A the Rms value of the front face where cleavage of said joint wafer 
was carried out. 
[Claim 11] 

The thickness in which said criteria wafer and said pasted-up joint wafer remain in the phase 
which carries out cleavage of said joint wafer is the manufacture approach of a nano SOI wafer 
given in either of claims 1 or 2 characterized by making it 3000A or less. 
[Claim 12] 

The phase which etches the front face where cleavage of said joint wafer was carried out, and 
forms a component formation field, 

The phase which carries out wet etching of the front face where cleavage of said joint wafer 
combined with said criteria wafer was carried out, 

The manufacture approach of a nano SOI wafer given in either of claims 1 or 2 characterized by 
including the phase of performing hydrogen heat treatment to the front face of said joint wafer 
by which wet etching was carried out. 
[Claim 13] 

The phase of performing hydrogen heat treatment to the front face of said joint wafer is the 
manufacture approach of the nano SOI wafer according to claim 12 characterized by carrying out 
at least 1 minute or more at the temperature of 1 1 00 degrees C or more. 
[Claim 14] 

The manufacture approach of the nano SOI wafer according to claim 12 characterized by 
including further the phase of performing hydrogen heat treatment to the front face where 
cleavage of said joint wafer was carried out before the phase which carries out wet etching of 
the front face where cleavage of said joint wafer combined with said criteria wafer was carried 
out. 

[Claim 15] 

The phase of performing hydrogen heat treatment to the front face of said joint wafer is the 
manufacture approach of the nano SOI wafer according to claim 14 characterized by carrying out 
at least 1 minute or more at the temperature of 1 100 degrees C or more. 
[Claim 16] 

The phase which carries out wet etching of the front face where cleavage of said joint wafer 
combined with said criteria wafer was carried out is the manufacture approach of the nano SOI 
wafer according to claim 12 characterized by carrying out as an etching reagent using the mixed 
solution of NH40H, H202, and H20. 
[Claim 17] 

The phase which forms a silicon germanium layer in the front face of said joint wafer is the 
manufacture approach of the nano SOI wafer according to claim 2 characterized by carrying out 
according to an epitaxy process. 
[Claim 18] 

The nano SOI wafer manufactured by the manufacture approach of claim 1. 
[Claim 19] 

The nano SOI wafer manufactured by the manufacture approach of claim 2. 
[Claim 20] 

It is a nano SOI wafer given in either of claims 18 or 19 characterized by for the thickness of 
said component formation field being 50nm or less, and the Rms value of the front face of said 
component formation field becoming 2A or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the manufacture approach of a SOI (Silicon On Insulator) wafer, and the 
SOI wafer manufactured by that cause, and relates to the manufacture approach of a nano SOI 
wafer that the thickness of a component formation field is a nano-scale, and the nano SOI wafer 
formed by that cause more at a detail. 
[Background of the Invention] 
[0002] 

Since junction destruction generates the junction isolation in the bulk silicon substrate used in 
order to manufacture the usual silicon integrated circuit under the supply voltage of 
abbreviation**30V under suitable doping level and a dimension, not being not only suitable but 
junction isolation is not effective for application of the high voltage under a high activity 
environment because of the excessive photocurrent generated in pn junction with a gamma ray. 
Therefore, although the SOI technique which is the separation technology which encloses the 
perimeter of a component completely with an insulating material instead of pn junction was 
developed, the circuit manufactured with such a SOI substrate can have simple structure 
compared with the circuit manufactured in a bulk silicon substrate as a result of a manufacture 
process, can contract a chip size, and in order that parasitism capacitance may decrease with 
contraction of a chip size, it has the advantage in which the working speed of a circuit is quick. 
[0003] 

The SIMOX (Separation by IMplaneted OXygen) technique which forms the silicon oxidizing zone 
which was made to carry out annealing to such a SOI technique after pouring in oxygen ion into 
the SOS (Silicon On Sapphire) technique of growing up a hetero epitaxial silicon layer on 
sapphire, and a silicon substrate, and was buried, the bonding SOI technique on which at least 
one wafer with which the insulating layer was formed in the front face, and other wafers were 
pasted up are known. 
[0004] 

The so-called "smart cut" process technique used as an example using such a bonding SOI 
technique in order to manufacture the so-called uni-bond (UNIBOND) wafer is well-known. After 
a smart cut process technique's carrying out the ion implantation of the hydrogen ion to one of 
the wafers by which bonding is carried out and forming a detailed bubble layer, it is the process 
sequence Fig. showing how to manufacture the SOI wafer for which it is making it the cleavage 
technique [ wafer ] centering on this bubble layer, and drawing 1 used the conventional smart 
cut process technique by heat treatment. 
[0005] 

If drawing 1 is referred to, it will have the criteria wafer and joint wafer which are pasted up 
according to a consecutiveness process (S10). A criteria wafer carries out the role which 
supports a SOI wafer physically, and also calls it a handling wafer, and a joint wafer is a wafer 
with which the channel of a semiconductor device is formed of a consecutiveness process, and 
is also called component wafer. 



[0006] 

Subsequently, a thermal oxidation process is performed to the joint wafer which consists of 
single crystal silicon, and an oxide film, i.e., silicon oxide, is formed in the front face of a joint 
wafer (S12). Silicon oxide carries out the role of a flasking oxidizing zone (Buried Oxide 
Layer;BOX layer) with a SOI wafer, and can form it in dozens thru/or the thickness of thousands 
of A if needed. 
[0007] 

Subsequently, the hydrogen ion of the high voltage is poured in to a joint wafer (S14). The 
impregnation energy of a hydrogen ion uses the high-voltage energy of about 125 KeV(s), and a 
hydrogen dose is set to abbreviation 6x1016cm-2. Therefore, the hydrogen ion impregnation 
section which has projection range distance (Rp) in the predetermined depth from the front face 
of the joint wafer under silicon oxide is formed. 
[0008] 

Next, after washing a criteria wafer and a joint wafer and removing a surface contamination, both 
[ these ] wafers are pasted up horizontally (S16). The adhesion approach pastes up both wafers, 
placing a joint wafer in the direction of the lower part so that the front face of a whole wafer 
may be contacted by coincidence in ordinary temperature, after locating horizontally in parallel 
the part of the joint wafer with which silicon oxide was formed on it, placing a criteria wafer 
horizontally. At this time, mutual adhesion of both the wafers is carried out by hydrogen bond 
under the conditions of a hydrophilic property. 
[0009] 

Subsequently, it heat-treats at an elevated temperature and cleavage of the hydrogen ion 
impregnation section part is carried out (S18). Heat treatment is performed under the 
temperature of about 550 degrees C under nitrogen-gas-atmosphere mind for about 1 hour. The 
bubble of a hydrogen ion impregnation section part interacting, sufficient blister being formed 
during heat treatment, and these spreading, a flake phenomenon occurs and a cleavage process 
is performed. The Rms (root mean square roughness) value of the silicon layer front face where 
a joint wafer remains after cleavage becomes about 100 thru/or 120A, and the thickness of the 
silicon layer which remains becomes about 9000A. 
[0010] 

Subsequently, a chemical machinery-polish (CMP) process is performed to the cleavage plane of 
a silicon layer (S20). A CMP process can be performed until the thickness of the component 
formation field in which the channel of a semiconductor device is formed turns into desired 
thickness. 
[0011] 

The component formation field (or channel field) in which a semiconductor device is formed in a 
SOI wafer on the other hand according to the demand to high integration of the semiconductor 
device formed in a SOI wafer, improvement in the speed, and low electrification is in the 
situation that it is still thinner and the BOX layer is also still thinner at coincidence. The thick 
SOI wafer with which the thickness of the component formation field (channel field) of Silicon 
SOI is set to about 1000nm or more Namely, MEMS, Although it can be used in order to form a 
sensor, a photodiode, BAIPORA, a power component, etc., and a micro display or the partial 
depletion CMOS can also produce the thin SOI wafer whose thickness of a component formation 
field is about 50 thru/or 1000nm The perfect depletion CMOS, a nano CMOS device, or a single 
electronic device came to require the nano SOI wafer whose thickness of a component 
formation field is about 50nm or less. 
[0012] 

However, although a nano SOI wafer is manufactured using the conventional smart-cut process 

technique mentioned above, the following troubles occur. 

[0013] 

A CMP process must be performed until it carries out flattening of the front face by which 
cleavage was carried out and becomes the thickness of a desired component formation field, 
after carrying out [ 1st ] cleavage of the hydrogen ion impregnation section of a joint wafer to 
the former. However, in the production process of a semiconductor device, a CMP process has 



very high process cost, takes process time amount for a long time, and, generally has the 
demerit in which the thickness deflection of the core of a wafer and periphery by the CMP 
process is very large, and defects, such as a crack, occur at the time of CMP operation. 
[0014] 

When carrying out [ 2nd ] the ion implantation of the hydrogen ion into a joint wafer, in order to 
carry out under a high energy electrical potential difference, the projection range distance of a 
hydrogen ion becomes very large, therefore, manufacturing the nano SOI wafer with which a 
component formation field becomes below about 50nm (500A) in order that the thickness of a 
silicon layer may remain thickly to about 9000A after a consecutive cleavage process not only 
takes CMP process time amount for a long time, but There is a trouble that the amount of 
consumption of the silicon layer ground increases. 
[0015] 

According to the conventional level adhesion method which pastes up a joint wafer and a criteria 

wafer on the 3rd, there is a trouble that very many defects, such as a void, occur and become 

weak in respect of adhesion. 

[Description of the Invention] 

[Problem(s) to be Solved by the Invention] 

[0016] 

In order to conquer the trouble of said conventional technique, even if the purpose of this 
invention does not use a CMP process, it is in the place which offers the approach of 
manufacturing the nano SOI wafer in which the thickness uniformity coefficient was very 
excellent. 
[0017] 

Other purposes of this invention are in the place which offers the approach of manufacturing the 
nano SOI wafer which controlled a void having occurred in the adhesion side between a joint 
wafer and a criteria wafer, and raised the adhesive strength of a wafer. 
[0018] 

Other purposes of this invention are in the place which offers the nano SOI wafer manufactured 
by the manufacture approach by said this invention again. 
[Means for Solving the Problem] 
[0019] 

The manufacture approach of the nano SOI wafer by this invention for attaining the purpose of 
said this invention is equipped with a joint wafer and a criteria wafer, and even if there are few 
said joint wafers, it forms an insulator layer in the whole surface. Subsequently, after pouring 
impurity ion into the predetermined depth by the low battery from the front face of said joint 
wafer and forming impurity ion notes admission into a club, the insulator layer of said joint wafer 
and said criteria wafer are contacted mutually, and it pastes up. Subsequently, the front face 
where low-temperature heat treatment was performed, cleavage of the impurity ion notes 
admission into a club of said joint wafer was carried out, and cleavage of said criteria wafer and 
said pasted-up joint wafer was carried out is etched, and the component formation field of a 
nano-scale is formed. 
[0020] 

On the other hand, said joint wafer is a single-crystal-silicon wafer, and before it forms an 
insulator layer in said joint wafer, it includes further the phase which forms a silicon germanium 
layer in the front face of said joint wafer in which said insulator layer is formed. Moreover, said 
joint wafer is a single-crystal-silicon wafer, and the insulator layer formed in said joint wafer is 
the silicon oxide formed like the heat process. 
[0021] 

Said hydrogen ion is poured in under a low battery, for example, the low battery of 30 or less 
Kevs, from the front face of said joint wafer, said impurity ion is a hydrogen ion and, as for the 
projection range distance (Rp) of said hydrogen ion by which the ion implantation was carried 
out, it is [ it is near, for example, ] desirable to be formed within the limits of 1000 thru/or 
4000A. Said projection range distance is controllable by adjusting an ion-implantation electrical 
potential difference. 



[0022] 

The phase of pasting up said joint wafer and criteria wafer After contacting some of said joint 
wafers and said criteria wafers, [ at least ] It is desirable to make it paste up, extending a touch 
area one by one at the point that generating of the void in the contact surface can be reduced. 
For example, it is made to pressurize and paste up, after said joint wafer and criteria wafer 
contact a part of vertical bottom [ at least ], extending a touch area in the top direction one by 
one. 
[0023] 

The phase which carries out cleavage of the impurity ion notes admission into a club of said joint 
wafer is heat-treated at low temperature 400 degrees C or less, and is performed, and the Rms 
value of the front face where cleavage of said joint wafer was carried out is desirably made into 
30 thru/or 40A, and thickness in which said criteria wafer and said pasted-up joint wafer remain 
in the phase which carries out cleavage of said joint wafer is desirably made into 3000A or less. 
[0024] 

After carrying out wet etching of the front face where cleavage of said joint wafer combined with 
said criteria wafer was carried out, to the front face of said joint wafer by which wet etching was 
carried out, the phase which, on the other hand, etches the front face where cleavage of said 
joint wafer was carried out, and forms a component formation field performs hydrogen heat 
treatment, and is carried out. It is efficient to include further the phase to perform hydrogen heat 
treatment to the front face where cleavage of said joint wafer was carried out before the phase 
which carries out wet etching of the front face where cleavage of said joint wafer combined with 
said criteria wafer was carried out, although the wet etching of the front face where cleavage of 
said joint wafer was carried out carries out, and the phase perform hydrogen heat treatment to 
the front face of said joint wafer performs at least 1 minute or more at the temperature of 1 100 
degrees C or more. 
[0025] 

Carrying out as an etching reagent using the mixed solution of NH40H, H202, and H20 has a 
slow etch rate, and the phase which carries out wet etching of the front face where cleavage of 
said joint wafer combined with said criteria wafer was carried out has it at the point that etching 
thickness can be adjusted to homogeneity. [ desirable ] 
[0026] 

on the other hand — this invention — said — others — in the nano SOI wafer manufactured by 
the manufacture approach of this invention for the purpose, the thickness of said component 
formation field is 50nm or less, and the Rms value of the front face of said component formation 
field becomes 2A or less. 
[0027] 

In order to pour in a hydrogen ion by the low battery, while the projection range distance (Rp) of 
a hydrogen ion becomes small according to this invention The value of **Rp which influences 
distribution of the pouredHn hydrogen ion impregnation section also becomes small. The Rms 
value of the front face by which cleavage was carried out at the time of the cleavage process of 
the hydrogen ion impregnation section which follows by this becomes small, and at least 
hydrogen heat treatment to a cleavage front face and a wet etching process can form a nano- 
scale component formation field without a CMP process. 
[0028] 

Moreover, according to this invention, in order to make it paste up, extending the touch area of a 
joint wafer and a criteria wafer, generating of the void in respect of adhesion can be reduced, 
and the adhesive strength of both wafers can be raised. 
[0029] 

Moreover, according to this invention, the Rms value of the front face by which cleavage was 
carried out by performing a cleavage process at low temperature becomes small, and at least 
hydrogen heat treatment to a cleavage front face and a wet etching process can form a nano- 
scale component formation field without a CMP process. Moreover, in order to perform a 
cleavage process at low temperature, it is not necessary to make the hydrogen ion dose for 
maintaining sufficient hydrogen ion impregnation concentration generating blister there being few 



amounts of out diffusion, therefore sufficient and the flake phenomenon of a hydrogen ion 

increase, and a production cost falls. 

[0030] 

Moreover, according to this invention, in order to perform hydrogen heat treatment to a cleavage 
plane, the Rms value of a cleavage plane decreases notably, the surface roughness of a desired 
nano-scale SOI wafer can be attained, and in order to perform hydrogen heat treatment to a 
cleavage plane additionally beforehand before a wet etching process, a wet etching process can 
be performed effectively. 
[0031] 

Moreover, according to this invention, etching thickness is maintainable to homogeneity by 

maintaining the amount of surface etching without a CMP process low by wet etching to a 

cleavage plane. 

[Effect of the Invention] 

[0032] 

As mentioned above, although mentioned above about the desirable example of this invention, 
this invention is not limited to this but, of course, deformation implementation can be variously 
carried out by this contractor within the limits of the technical thought of a claim. 
[0033] 

According to this invention, while the projection range distance (Rp) of a hydrogen ion becomes 
small by the low-battery ion implantation, the value of **Rp also becomes small, the Rms value 
of the front face as for which cleavage was carried out by this at the time of a cleavage process 
becomes small, and at least hydrogen heat treatment to a cleavage front face and a wet etching 
process can form a nano-scale component formation field without a CMP process. 
[0034] 

Moreover, according to this invention, in order to make it paste up, extending the touch area of a 
joint wafer and a criteria wafer, generating of the void in respect of adhesion can be reduced, 
and the adhesive strength of both wafers can be raised. 
[0035] 

Moreover, according to this invention, the Rms value of the front face by which cleavage was 
carried out by performing a cleavage process at low temperature becomes small, and since 
hydrogen heat treatment and a wet etching process nano-scale component formation field can 
be formed and flake phenomenon with the amount of out diffusion of a hydrogen ion sufficient 
with just a small therefore small hydrogen ion dose is generated, a production cost falls. 
[0036] 

Moreover, according to this invention, the Rms value of a cleavage plane decreases notably by 

hydrogen heat treatment which receives a cleavage plane, the surface roughness of a desired 

nano-scale SOI wafer can be attained, and in order to perform hydrogen heat treatment to a 

cleavage plane additionally beforehand before a wet etching process, a wet etching process can 

be performed effectively. 

[Best Mode of Carrying Out the Invention] 

[0037] 

Hereafter, the desirable example of this invention is explained to a detail with reference to an 

accompanying drawing. 

[0038] 

The example explained below can deform into other various gestalten, and is not limited to the 
example by which the range of this invention is mentioned later. The example of this invention is 
offered in order to explain this invention to this contractor more completely. In the drawing 
explaining the example of this invention, the thickness of a certain layer and field is exaggerated 
for the positivism of a specification, and the same sign on a drawing shows the same element. 
Moreover, since said a certain layer exists in the upper part of a layer besides the above, or a 
substrate directly when a certain layer is indicated to be in other layers or the "upper part" of a 
substrate, the 3rd layer may intervene between them. 
[0039] 

Drawin g 2 is a process sequence Fig. showing the manufacture approach of the nano SOI wafer 



by the desirable example of this invention, and drawing 3 thru/or drawing 7 are the process 
sectional views for explaining the manufacture approach of the nano SOI wafer by one example 
of this invention. It explains focusing on a difference point with the conventional technique of 
drawin g 1 mentioned above. 
[0040] 

If drawin g 2 thru/or drawin g 7 are referred to, it will have the criteria wafer 20 and the joint 
wafer 10 which are first pasted up according to a consecutiveness process (S30). The criteria 
wafer 20 carries out the role of the susceptor which supports a SOI wafer physically, also calls it 
the so-called handling wafer, and the joint wafer 10 is a wafer with which the channel field 
(component formation field) of a semiconductor device is formed of a consecutiveness process, 
and it also calls it a component wafer. 
[0041] 

Subsequently, for example, an insulator layer can be formed in at least 1 front face of the joint 
wafer 10 which consists of single crystal silicon by the usual various approaches, for example, a 
thermal oxidation process is performed, and an oxide film 12, i.e., silicon oxide, is formed in the 
front face of the joint wafer 10 (S32). Although silicon oxide 12 carries out the role of a BOX 
layer with a SOI wafer and it can form in dozens thru/or the thickness of about thousands of A 
if needed, it can form in the thickness of dozens thru/or hundreds of A, for example, about 200A, 
with a nano SOI wafer. 
[0042] 

Although illustrated by drawin g 3 with silicon oxide 12 being formed only in the up front face of 
the joint wafer 10, since silicon oxide 12 is formed all over the joint wafer 10 exposed according 
to the thermal oxidation process, such a condition is maintained if needed, or silicon oxide 12 
may be made to remain only on one front face of the joint wafer 10, and other parts may be 
removed on it. 
[0043] 

Subsequently, the impurity ion of a low battery, for example, a hydrogen ion, is poured in to the 
joint wafer 10 (S34). In this example, the low-battery energy of about 25 KeV(s) was used for the 
impregnation energy of a hydrogen ion, and the hydrogen dose was set to abbreviation 
6x1016cm-2. Therefore, the hydrogen ion impregnation section 14 which has projection range 
distance (Rp) in the predetermined depth from the front face of the joint wafer under silicon 
oxide is formed, and the joint wafer 10 is classified into component formation section 10b and 
removal section 10a bordering on this. Although the hydrogen ion impregnation section 14 was 
expressed as the dotted line in drawing 4 , the hydrogen ion impregnation section means the field 
over which a hydrogen ion has constant width and was distributed. 
[0044] 

Although this invention person performed simulation about impurity ion-implantation energy, 
projection range distance (Rp), and a correlation with **Rp, the sample of hydrogen ion 
impregnation considered as the silicon substrate in which 200A silicon oxide was formed as 
simulation conditions, and the hydrogen ion dose was set as 6x1016cm-2. The simulation result 
was shown in Table 1 . 
[Table 1] 



Vac (Kev) 


10 


20 


30 


50 


75 


100 


150 


200 


RpiW. (nm) 


180.8 


299.4 


389.6 


542.4 


718 


900 


1300 


1780 


ARp-fiiL (nm) 


55.9 


73.1 


81.5 


91.5 


99.3 


106.6 


120.3 


129.5 



[0045] 

If drawin g 12 which it turned out that an ion-implantation electrical potential difference 
especially decreases notably by 30 or less KeVs by 50 or less KeVs although it turns out that 
projection range distance (Rp) decreases almost-like [ proportionally ] by reduction of hydrogen 



ion impregnation energy (acceleration Voltage;Vac) according to Table 1 and **Rp value also 
decreases by reduction of ion-implantation energy, and showed this result is referred to, it 
understands more clearly. An axis of abscissa is hydrogen ion impregnation energy (Vac) in 
drawin g 12 , and an axis of ordinate shows **Rp value. 
[0046] 

Furthermore, this invention person measured **Rp value by SIMS immediately after hydrogen ion 
impregnation, in order to investigate the correlation of **Rp value and a Rms value, he measured 
the Rms value (10micromx10micrometer) by AFM after the cleavage process of the hydrogen ion 
impregnation section 14, and showed in Table 2. 
[Table 2] 



Vac (Kev) 


26 


42 


45.2 


ARpjii(nm) 


77 


87 


88 


rmsfjiXnm) 


3.16 


5.72 


6.55 



[0047] 

According to Table 2, it turns out that it turns out that **Rp value also increases and a Rms 
value also increases by the increment in hydrogen ion impregnation energy (Vac). The change 
relation between **Rp value and a Rms value was illustrated to drawin g 13 . By drawin g 13 , an 
axis of abscissa shows **Rp value and an axis of ordinate shows a Rms value. 
[0048] 

Drawing 12 and drawin g 13 show that projection range distance increases and **Rp value also 
increases by that cause by the increment in hydrogen ion impregnation energy, and it turns out 
that a Rms value also has a fixed correlation and increases, this invention person judged the 
hydrogen ion impregnation energy for manufacturing the nano-scale SOI wafer later mentioned 
based on such simulation and an experimental result that it is appropriate to make it 30 or less 
KeVs. 
[0049] 

Next, if Rawing 2 , drawing 5 drawing 8 , or drawing 10 is referred to, after washing the criteria 
wafer 20 and the joint wafer 10 and removing a surface contamination, both [ these ] wafers are 
pasted up in perpendicular (S36). Unlike the conventional level adhesion type, a part of silicon 
oxide [ at least ] 12 of the criteria wafer 20 and the joint wafer 10 is contacted previously, and it 
is made for the touch area to paste one side direction with breadth in this invention. By making 
it paste up, while each front face of the criteria wafer 20 and the joint wafer 10 pressurizes one 
side direction in consideration of the point that the point that there is crookedness, and a silicon 
wafer are elastic bodies, this Since it is the form pasted up while extruding and removing outside 
void components, such as moisture in which a contact front face becomes flat, and it is formed 
in between [ these ], and deals, the void in respect of adhesion decreases notably, and adhesive 
strength improves. 
[0050] 

If the more concrete adhesion approach is explained with reference to drawin g 8 thru/or drawing 
10 , the criteria wafer 20 and the joint wafer 10 will be made to lay in the wafer susceptors 82a 
and 82b which have a respectively slanting inclined plane. At this time, each wafer susceptors 
82a and 82b are constituted so that it is fixed on the base 80, and the fixing section (not shown) 
which has the suitable magnitude and the suitable depth corresponding to a configuration of a 
wafer may be formed in the inclined plane of each wafer susceptors 82a and 82b and each wafer 
can be fixed. The wafer sticking-by-pressure rods 84a and 84b which can pressurize and stick 
each wafers 10 and 20 by pressure from a tooth back are formed in the center section of each 
wafer susceptors 82a and 82b. Therefore, the criteria wafer 10 and the joint wafer 20 are 
pressurized and pasted up in order of drawin g 10 from drawin g 8 . 
[0051] 



As for adhesion with the criteria wafer 20 in this invention, and the joint wafer 10, it is desirable 
to carry out in ordinary temperature, and mutual adhesion of both the wafers is carried out by 
hydrogen bond under hydrophilic conditions at this time. 
[0052] 

Subsequently, if drawin g 2 and drawin g 6 are referred to, it will heat-treat at low temperature 
and cleavage of the hydrogen ion impregnation section 14 part will be carried out (S38). This 
example performs cleavage heat treatment about 1 minute or more at least below about 400 
degrees C. As mentioned above, during heat treatment, the bubble of a hydrogen ion 
impregnation section part carries out an interaction, sufficient blister is formed, and a cleavage 
process is performed, while these spread and a flake phenomenon occurs. The Rms value of the 
front face where cleavage of the joint wafer 10 was carried out by this example is maintained in 
about 30 thru/or the range of 40A, and the thickness of component formation section 10b after 
cleavage becomes about 3000A. 
[0053] 

this invention person conducted the next experiment, in order to investigate the heat treatment 
temperature and the Rms value for cleavage. As experiment conditions, hydrogen ion 
impregnation energy is 28.5KeV(s), and the hydrogen ion dose was set as 5x1016cm~2. The 
experimental result measured by TEM was shown in drawing 14 . 
[0054] 

An axis of abscissa shows heat treatment temperature by drawing 14 , and an axis of ordinate 
shows a Rms value (nm). When a Rms value is about 14.5nm when a Rms value is about 10.9nm 
when a Rms value is about 3.1 5nm when heat treatment temperature is 450 degrees C, and heat 
treatment temperature is 550 degrees C, and heat treatment temperature is 650 degrees C, and 
heat treatment temperature is 750 degrees C, it turns out that a Rms value is set to about 
25.0nm or more. Moreover, when heat treatment temperature is 550 degrees C, it turns out that 
a dislocation occurs, and a dislocation grows and condenses with the increment in heat 
treatment temperature by the cleavage plane. The dislocation in such a cleavage plane serves as 
an element which checks the wet etching of component formation section 10b of the joint wafer 
10 which follows. 
[0055] 

It is desirable to maintain the heat treatment temperature at the time of a cleavage process at 
450 degrees C or less in consideration of generating of such a dislocation and the Rms value in a 
cleavage plane. 
[0056] 

Drawing 15 is a graph which shows the relation between the heat treatment time amount at the 
time of a cleavage process, and the number of voids in a cleavage plane. Heat treatment 
temperature is 450 degrees C or less, a sample is performed by ion-implantation energy 25KeV 
and 80KeV(s), respectively, and heat treatment time amount is 10 minutes, 20 minutes, and 40 
minutes. It turns out that the number of voids decreases, so that heat treatment time amount is 
short, even if it heat-treats a cleavage process at low temperature and performs it so that a 
graph may show. 
[0057] 

Drawing 16 thru/or drawing 19 are graphs which measure and show change of the hydrogen 
concentration by the depth from the front face of a joint wafer, changing heat treatment 
temperature at the time of a cleavage process. Ion-implantation energy is 26KeV(s) as a 
Measuring condition, and the hydrogen ion dose was set as 5x1016cm-2. Drawin g 16 is the graph 
of the result which has not heat-treated, drawin g 17 is the graph of the result of having 
performed heat treatment at 450 degrees C, drawin g 18 is the graph of the result of having 
performed heat treatment at 650 degrees C, and drawing 1919 is the graph of the result of 
having performed heat treatment at 750 degrees C. 
[0058] 

The result of drawing 16 thru/or drawin g 19 shows that the out diffusion of a hydrogen ion 
occurs actively as heat treatment temperature rises at the time of the cleavage process over 
the joint wafer 10. Therefore, since a hydrogen ion dose is made to increase, and there is nothing 



if it is **** as heat treatment temperature rises at the time of a cleavage process, in order to 
maintain the hydrogen ion dose for generating of blister sufficient at the time of a cleavage 
process, and a flake phenomenon, Rms worsens like [ a production cost increases and ] drawing 
14 , but if it heat-treats at low temperature, it turns out that it gets that cleavage of the out 
diffusion of a hydrogen ion is fully carried out also with a low and little hydrogen ion dose. 
[0059] 

If drawin g 2 is referred to continuously, after carrying out cleavage of the hydrogen ion 
impregnation section 14 of the joint wafer 10 by low-temperature heat treatment, primary 
hydrogen heat treatment will be performed to the front face of component formation section 10b 
by which cleavage was carried out (S40). Carrying out at least 1 minute or more with the heat 
treatment temperature of 1 100 degrees C or more under a hydrogen ambient atmosphere, the 
Rms value of component formation section 10b becomes low with 40 to 10A or less after 
hydrogen heat treatment. [ 30 thru/or ] 
[0060] 

Dr awin g 20 is the graph of the result of having measured the relation of the hydrogen heat 
treatment time amount and the surface Rms value over the front face by which cleavage was 
carried out. It is the result of carrying out with the heat treatment temperature of 1 135 degrees 
C, and it turns out that a Rms value decreases notably as heat treatment time amount is 
prolonged. 
[0061] 

If drawing 2 is referred to continuously, after performing primary hydrogen heat treatment, wet 
etching will be performed to the front face of component formation section 10b by which 
cleavage was carried out (S42). The etching reagent of NH4 OH:H2O2:H20=0.5:1:5 was used for 
the etching reagent, etching temperature was performed 65 thru/or in 100 degrees C, and 
etching time and etching thickness were set up in consideration of the thickness of the desired 
last component formation field (10c of drawing 7 R> 7). Etching is continued so that the 
thickness of component formation field 10c may be set to 50nm or less in the case of Nano- 
scale SOI. An etch rate is slow and the reason for having chosen the etching reagent of this 
invention is that the uniformity coefficient of the etching thickness after etching is excellent. 
[0062] 

D rawing 21 is the graph of the result of having measured the average etching thickness by 
etching time, after performing the etching process of this invention over three silicon samples. A 
graph shows that average etching thickness increases almost-like [ proportionally ] by etching 
time. Therefore, the thickness of final component formation field 10c of this invention can be 
smoothly adjusted by etching time. 
[0063] 

If drawing 2 is referred to continuously, after the etching process over a cleavage plane is 
completed, a secondary hydrogen heat treatment process will be performed to the front face of 
component formation field 10c finally etched (S44). A secondary heat treatment process is 
performed by the same approach as the primary heat treatment process mentioned above. It 
turns out after execution of a secondary heat treatment process that the Rms value of 
component formation field 10c is maintained by 2A or less demanded with a nano-scale SOI 
wafer. 
[0064] 

Drawin g 1 1 is the sectional view of the nano SOI wafer manufactured according to other 
examples of this invention, and if it removes the point that the silicon germanium layer 16 was 
formed between silicon oxide 12 and component formation field 10c as compared with the wafer 
of drawing 7 , it is the same. The manufacture approach is the same as the manufacture 
approach of the nano SOI wafer of drawing 7 mentioned above except for the formation phase of 
the silicon germanium layer 16. Namely, if drawin g 2 is referred to, before forming silicon oxide 12 
in the front face of the joint wafer 10, the silicon germanium layer 16 will be formed in the front 
face of the joint wafer 10 according to an epitaxy process, and the hydrogen ion impregnation 
section will be formed in the bottom of the silicon germanium layer 16 at the time of the 
hydrogen ion impregnation to the joint wafer 10. 



[Brief Description of the Drawings] 
[0065] 

[ Drawin g 1] It is the process sequence Fig. showing the process step which manufactures the 
conventional SOI wafer. 

[ Drawin g 2] It is the process sequence Fig. showing the process step which manufactures a nano 
SOI wafer according to one example of this invention. 
[ Drawin g 3] It is the process sectional view showing each process 
nano SOI wafer according to one example of this invention. 
[Drawing 4] It is the process sectional view showing each process 
nano SOI wafer according to one example of this invention. 
[ Drawing 5] It is the process sectional view showing each process 
nano SOI wafer according to one example of this invention. 
[ Drawin g 6] It is the process sectional view showing each process 
nano SOI wafer according to one example of this invention. 
[ Drawin g 7] It is the process sectional view showing each process 
nano SOI wafer according to one example of this invention. 
[ Drawin g 8] In order to manufacture a nano SOI wafer according to one example of this 
invention, it is the schematic diagram showing how to combine a criteria wafer and a joint wafer. 
[ Drawing 9] In order to manufacture a nano SOI wafer according to one example of this 
invention, it is the schematic diagram showing how to combine a criteria wafer and a joint wafer. 
[ Drawing 10 ] In order to manufacture a nano SOI wafer according to one example of this 
invention, it is the schematic diagram showing how to combine a criteria wafer and a joint wafer. 
[ Drawin g 1 1] It is the sectional view showing the nano SOI wafer manufactured according to 
other examples of this invention. 

[ Drawin g 12] It is the graph which shows the relation between the hydrogen ion impregnation 
electrical potential difference measured in the experiment for manufacturing the nano SOI wafer 
by one example of this invention, and **Rp. 

[ Drawin g 13 ] It is the graph which indicates relation with Rms to be **Rp measured in the 
experiment for manufacturing the nano SOI wafer by one example of this invention. 
[Drawing 14] It is the graph which shows the relation between the heat treatment temperature 
for the cleavage of the joint wafer measured in the experiment for manufacturing the nano SOI 
wafer by one example of this invention, and Rms. 

[Drawing 15] It is the bar graph which shows the relation between the heat treatment time 
amount for the cleavage of the joint wafer measured in the experiment for manufacturing the 
nano SOI wafer by one example of this invention, and the number of voids. 

[ Drawing 16] It is the graph which shows change of the hydrogen concentration by the depth of 
a wafer, changing the heat treatment temperature for the cleavage of the joint wafer measured 
in the experiment for manufacturing the nano SOI wafer by one example of this invention. 
[ Draw ing 17 ] It is the graph which shows change of the hydrogen concentration by the depth of 
a wafer, changing the heat treatment temperature for the cleavage of the joint wafer measured 
in the experiment for manufacturing the nano SOI wafer by one example of this invention. 
[ Drawing 18 ] It is the graph which shows change of the hydrogen concentration by the depth of 
a wafer, changing the heat treatment temperature for the cleavage of the joint wafer measured 
in the experiment for manufacturing the nano SOI wafer by one example of this invention. 
[ Drawing 19 ] It is the graph which shows change of the hydrogen concentration by the depth of 
a wafer, changing the heat treatment temperature for the cleavage of the joint wafer measured 
in the experiment for manufacturing the nano SOI wafer by one example of this invention. 
[Drawing 20 ] It is the bar graph which shows the relation of the hydrogen heat treatment time 
amount and Rms to the cleavage plane of the wafer measured in the experiment for 
manufacturing the nano SOI wafer by one example of this invention. 

[ Drawin g 21 ] It is the graph which shows the relation of the etching time and the amount of 
average etching to the silicon measured in the experiment for manufacturing the nano SOI wafer 
by one example of this invention. 
[Description of Notations] 



step which manufactures a 
step which manufactures a 
step which manufactures a 
step which manufactures a 
step which manufactures a 



[0066] 

10 Joint Wafer 
12 Silicon Oxide 

14 Hydrogen Ion Impregnation Section 
16 Silicon Germanium Layer 
20 Criteria Wafer 
80 Base 

82a and 82b Wafer susceptor 

84a and 84b Wafer sticking-by-pressure rod 



[Translation done.] 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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5 O I ^x-AfiSSiftl (Bur i ed Ox i de Layer ; B O XI) <D © flj 

[ 0 0 0 7 ] 

ig^«>i — />tc^LTSf*ffiozkH5'f*v*aA-rs (s 1 4) o 7km-(*y 

oaAi^^f-tt8 1 2 5 K e VtD^SSx.^wl'^-^^fflL, 7k M ¥ — X M « ft) 6 x 30 
io" 6 cm" 2 Lft^oT, y'JnyifblTo^^^x-AOgffifrf.SfS 

©sssKSRmgffiiB (Rp) *^r-rs7jcjR>r^->ffiASi5A^jKsn«o 

[ 0 0 0 8 ] 

& fc , S^^i-Afeitfg^^x-A^i^LTlIfDfi^^^iSLfdl^ C ft 6. 
I'Ji-Ai^flCliJtS (S 1 6) o }g«73 ? x -7^7^ tC Bv^fc 3: i; 

# © ± t s/ u =i > & ft m # j& a $ n *t as ^ x - <d sb # * 7k w- w t *p fj \z a m z k m 
w e> m v x - /\ % m m * •& ^ „ c © b# , m x - ^ « m ?j< 14 © ^ t t ?j< its «s ^ <t o w 

[ 0 0 0 9 ] 40 

sist^iui^Ro TTK^-i-^-^aAgpgp^^^ia-rs (s 1 8) . ^^uti 

fI#IfTT» 5 5 0 t(DiaiTT'^liFlfr5o © PI iS S it . iiMS*tC7k^-r^-> 
a A gfl gP ^ tO A 7 )\y ffl S ft ffl L T + # ft 7" U X 9 ft B J55c * ft . C ft & Jf * ft ft & 
^U-i'il^A^fg^LTtfftft^o ffM^^lg^-^x-^^^g-r^^y n>Jift®cDR 
ms (root mean square roughness) §^81 00%t^Ll 2 
oAtftD, Hit5J"j3ylo»«!!iifi9 o o 0Ai:ft3o 
[00 1 0 ] 

^ V> T' . •>') 3>i©KI1IlcMLt<tf ittWii (CMP) Xg^tf^ (S2 0) 
o CMPlSti^»{*JR?0^+^*;I/*^iS*ftS3R?«jS1K«©ff**^SO»*Ji: 
ft i> $ T- It § o 50 



(5) 
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[001 1 ] 

-73 , s o i ©sisft, mmitRzfi&wtiiticft? 

ssstjsurso i v x - /n{c*5v^t *mfcm?tf&i&.-£ nzm^&j&m® (zrci*?- 

o -T^to-fe. i/'JzJVSOIO^^ff^fiScflJDc (f OJPJtffil OOOnm 
ttlE4«*^S0I9i-/MiMEMS, -fe > +f — , 7^ h^l'^- ^U^-7fc 
*^*^*if^JBfi!c-r§fc46tC^fflT*#, 7^^Df^7/l/-<S/c(ia!»^f CMO s 
ftiftiJR^JgjSSWfDff^Jb^S 0 1 0 0 0 nmT'JSl^S O I "7 x - m T» £> £ 

j£ r- f? s # , ^iSfeMos, ^ycMosiR?$fc 

StffiS 0 nmWTT'S^^y S O I 7 i - A%gf t 5 1:1 o f;» 
[0012] 

LA 1 Lv 99iSLfcfle*0^v-h-*y HIKI^f ffl Ut / S O I -7 x - ^ £ S! 
[0013] 

-»»t¥*fl:*?Ol!»Ittfe^TCMPIittIia^ h^^lStKTIilUH 
S < 9 , CMP JlMlzZZV mm&tpmZim < 

[0014] 

£ 2 fc: , 7K^-f*>«:^-&'7x-/NF«3lc-i'^->aA-r5^tciSi^;l/^-«ffiTt?fi : 9 
'JnyfOf J^|i)9 0 0 OAlCjP<SST£fc&{Cfg?^j£M$t7b^5 0 nm (5 0 0 

a ) ttTE45t;so i «? x - /\ * St m f z> tc it c m p x m ut m & m < & & & re w- t? % 

< , i«fn55"j3yiOfi«l*i^<i9:5i:l^iaiIjSi'SS. 
[00 1 5 ] 

a V # W K & if © ^ Rl # # « fc: ^ < ft it L T m < & S i: ^ 5 r^a JS # § o 
[ 16 91 © ffl ^ ] 

[ ft m tpm l j: a ttsii] 

[0016] 

o 

[0017] 

*li©i©IW(i> iSg^^x-^tS^^x-^F^cr)^*®^^^ K*J5if«:J: 
*I«LT7i-A<OS|f**S|±Stftt/SO I -7x-/N^lij£irS7Ji££li{tt-r3 

[0018] 

*»«0$ftiOI«tt, fffl8E#£i9ifcJ:3«iS#ffifc:«fc0«iS2ft3:*-yso I >7 x 
-A^IffitS £ £ 3 fc 3 . 

[0019] 

^^x-/N*s«fctfs*^x-/N*fli*, mise^^-'7x-/NCD'>^< t t>-&ic&mm*B 
■z^mm^c * > & xt® * m tit l tern . tdBm^^ ^-^con&mmtmm&m^ jl-^ 

I^£Stt?*T8«t«, *V>T\ {Kffif»ffig*froTJWei£-& , 7x-M©^|ifi8j-f'tf' 
>aAap«:SBBU, t5ia»^'7x-^^}g«$nfcHfif2^-a-'7x-/NCO^ifl^nfc^B^ 
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[ 0 0 2 0 ] 

% & fiE f 5 hu K , hu 12 *6 Hi R ^ J£ fi£ « n § m IS IS •> x - ^ © * m lc y 3 > y ;U v x V 
A««r®fiR-rsSB**5»c:$«yo $ fc > hu IE £ x - ^ tt ¥ *S H > V =t > V x - -p 

[ 0 0 2 1 ] 

TofttETTaxjn, tuis-r^>aA$nfc7j<*-r^->cDiSf$fRSiEiii (r p ) t* m 

IS -n *> x — >\ (D g ffi 5 ifi t/> „ M ^ »f 1 0 0 0 & V"» L 4 0 0 0 k (D mffl fa IC B f& Z 2> 10 

o 

[ 0 0 2 2 ] 

ISfSe^-^x-^fcSJP^i-^ir^SiS-rsSPga, Hul5^-&^x-^i:HulS»^^ 
i-^h©'>%< fcfe — gp»*S5tt*-&fc», JE^fc&ttlBfcfcjS 

i: % gttlT'©tW F©%x^S&L3 5t^9*tl$L<T« l^lf, tu IS B •> 
x-Mi:Sip»>x-/\fc£iijB7?iSi<oTfll©4>fc< fct>-ffl5#;£Jgtt2-efc», JIM 35? £ ± 

[ 0 0 2 3 ] 

MISi^^x-/N<D^M^^*>&Ai^§§rair&ISI^&4 0 OtttTOfiiST-iffii 20 
LTffl\ H 3: L < fi . jWISIS^^x-AOBBSJnfeSffiORm s«*3 0 4^L4 O 
AlzL. 3: fc S $ L < tt , Hul2^-&^x-/N^^^-r§©^TMI5»^'>x-/Ni:^a^ 

nfciuie^-&^x-/NCDSS-r^iP^{±3 o o o a « t tc -r & 0 

[ 0 0 2 4 ] 

« « * SfflS»^'>x-/Ni;$S^^nfcMI2^-& I >x-/NCD^^^nfcaB^^x-y hx-y 
f-^^LitS, M IB * x <y M-yf V^'^nftie^^i-ACSffitMLT?^!!)!!!!?; 

fToTHSiB^n^o Miss^^x-/Ni:^-&*n/-ctuis^^ , i'x-/NCDiiifl$nfcaB^ 

8&3*fi : 5®B*S5l«:-S , trc:fca^ fij IS l£ 1% ^ x - ;n <D if P £ n fc * ® £ ^ x -y h x -y 30 
f >yt5©tc3a*WT'$!), M IS ^ 1^ x - ^ © ^ S (c # L T yj< M 31 5 ® P£ « 

1 1 0 0tW±OlfiT?'>i9;< fct l»W±fi5, 

[ 0 0 2 5 ] 

MISS^'>x-/Ni:^-a-^n7CHulBiig^ , >x-^cD^F^^nfcSE^'>x>yhx-y^y 
^tSSItt, N H 4 OH, H 2 O 2 R[fH 2 (XDil^iSiSfciv^-^yStkLTtefllL 

$ L V„ 
[ 0 0 2 6 ] 

- 75\ *5IWO«lffBffioBWtJ:«J:s*5SWOi!IJfi73jSf!:«t»)«ifiSnfc^-yso I ^ x 
-/Wcfcl^T, ia3E*?JBfiR^«©JP£M:5 0nm£tT-e*»K MISjS^ff^fiScMJUc^^® 40 

[ 0 0 2 7 ] 

# 18 «3 £ J; fi fi\ fg«i±T-7l<^^^>^aA-r§7ca6fC7l<*-r^-y£DiSKfRgSg^ (R 
p) ^ /h £ < & 3 k Ir| , iiA^n/iTki^tvaASPO^^^fefetSAR pOttt 

c:nic«toT^tt-rs7K}(S'r*>ffiASi5o»iiBxa«Ffc»BH«nfc*aoR 

[ 0 0 2 8 ] 

$rc, * « iu§ k «t n if . & & v * — ^ t mm v >^ t (ommmn* iztfi z&tt z 

It Zrctb\C&Wffi-V<Dtfsf K <D 58 £ * iff 6 LTM->x-yNOJS*77^|p]±*-t±§il 50 



JP 2004-80035 A 2004. 3. 1 1 



[ 0 0 2 9 ] 

g: tc , * % HJi fc J: tl tf , fifi?»HIi*friCklcj:9t»BSnfc*fflORinsfl 
/h * < 49TCMPIi4LlC»l!SilC»t5*lll!Uai*J:tf!>x'y hx-y^->^* 
X S fc If T* t> y X y - ;l/ ^ ? & fig fli i§K Z & & T* # , £ tci&'UT'mMXmikft 5 tztbKTk 
l^tyOT 1 ) hf^a-^a^ltf^^^, Lft^ot, +5)4^'J X^i5j;tf7 L/ 

[ 0 0 3 0 ] 

S fc, * fg BJ§ «fc ft & x BllffliJcS#-r*3!k*l!!Uaa*tf3fci6lc»BB1BORmslt*<Bi 10 
ftS'>LtfIOtyxy-^S 0 I ^x-/NCD«ffii|ajg^3S^T'^, •> x v H7f 

> ^ x s w wi ic & e. * i; * ft r»a ® t *t -r s. ?i< m m m m * m ta w tc fT o tc v> ic * x v t x v 

[ 0 0 3 1 ] 

* fc , * §§ bj§ [c «fc ft l£ , iMi:MLTCMPIgSLt^x7 h- x v f- V 7 T* £ S x 
[ fg H/3 © 5» JH ] 

[ 0 0 3 2 ] 
[ 0 0 3 3 ] 

* #& HH £ «fc ft . fg«ffi-r^^aAtcJ:'3 7}<«^*>tDSKfRSSg^l ( R p ) # ^ S < 
*-5i:|pl^ftcAR p©{Bt>/h£<&0, u tile i: o T illgiC * tl fcgffi© R m 
s ffi # /Jn S <aotCMPIl%Ll:ll1Iffi[:»t§7j<li5Kil^j;tf^i7 hx-y^ 

[ 0 0 3 4 ] 

-tfr3fca&fcjg#B57?<D#-r FO«I«S6 h X m V - >^ <Dmm ti * fa *k % ^ i: # 7? 

# 3 o 30 
[ 0 0 3 5 ] 

* tz , * % B^ \c «fc ft . filT?BIIIIIg*ff5 CtEioTBBBSftftSiBORmstt 
^ ^ S < 4 o T ?J< i i! M I i D* ^ x 7 M 7 f > ^" I g f£ ^ ? t t / X - ;H f f ^ 

filtt, 7j<i^ ^- y©7 >) h f ^ 7 a - ->* 3 yi^'>;5: < , Lfci'oT, 'P- & v> 

[ 0 0 3 6 ] 

$ft,-*58iC<kntf, »MffiK:»-r7kilSIHl«ia»cJ:»)»BBffi©Rms<i«<R*K:«'> 

i^aswiciuso 40 

[ 0 0 3 7 ] 
[ 0 0 3 8 ] 

^ tc ib bj§ £ n £ n ss « i/> 5 v» 5 # m <o m m ic g m t? # > * is w © «b m # » m * n 5 #1 
0ij tc n * n § © 7? «: * v> „ .* #g 91 © m m m it m m m ^ * m m * <t 0 ^ ± ic mmtzrc 

fttfittSnSfeOTffea. *5gBJ1cD*)!iSf?iJ^i5iB^-r?.0Slcfcv^T. fc^H^HiUccOff 
o S ft > feS»^flfi<D»Sfc{±8«© " ± 8P " fc S t IS ic 3? n Tz m & , M Se « 7b^ bu 
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[ 0 0 3 9 ] 

0 2ii, *kw<dw.& L^nmmic £ zi- s s o i ^ commute %&Lrcj:mm 
mm-? % rc&bcDjLmmmm-e & % „ tu s l f; h i <D^3feSffii:©MM^^f>^^iiB^-r?. 

o 

[ 0 0 4 0 ] 

cfc iiS x - 7n l 0 ff * £ (S30) o H'Ji-AZOIiSO I x - 7 \ !$| g 

w k s it -r & 5: n & <o w # l t z> ^ f y y ^* ^ x — £ & ^ ^ , #s x - m 10 

1 0«Mlf§{cJ;y¥«{*flfc9^^>*;l/fIJ§!c ( SI ? M ) tfJBia*n«9x- 
[ 0 0 4 1 ] 

^ ^ t „ eu *. # , # us n f y =i > cfc o * s us r> x - ^ i oc>4<it- mwic&m 
si ® gg <t si , -r ft t> , i"j3y|itii 2 £ 7e? -f 3 (S3 2) „ u n > k ft k i 

2liSO I ^i-ATBOXKDSIJ^tStOT'SoT, JS t TS+ft^LST 

0 A © IS * tc B fi£ "t? # § o 

[ 0 0 4 2 ] 20 

m 3 icizm-Btv x - /\ i oo±apaiBk:<o*2/y3i>BEfbHi 2^ig^jnn^cJ: 
it m i ztfigrtstisckiso, i &scjsi;Tc<D«}:3ftttiji*«nf , rs*^ *s >> x 

-'M 0© — Sffit(D*->iJ 3 Vlfti 1 2 * mm •£ Qk<Dffi ft 13. %> 

o 

[ 0 0 4 3 ] 

S^^i-ai o K ft L T (g a JE © ^ ffi % >f * > , 0»J * . *jR^*^*aA 
t5 (S3 4) o *Si(Sit*tt7ki^tytf)aAx*;l/^-lctt^2 5 K e VOfilffi 
*;l/=P-*tefl3L, 7j< 1R F - X a « m 6 x 1 0 1 6 cm" 2 tLf; 0 L ft W o T , -> 'J n 
^S!<bffl!TOilS^">x-MOSlffi^6m^©i9S*U:ia»JReKlK (Rp) £ * IT § ?)< St ^ 30 
* > £ A l 4 ifi IB fig * ti , cft^H?i:ute^^x-A i 0 « IS f fig gfli Obfcl 

£ as i oattg^in^o ia4T-(i7i<^-r^->ffiAgpi 4^*^t-^^ltc^. * as >r 

[ 0 0 4 4 ] 

♦ aBftt^WW-ft^itAx^^^-fcaRJRiEII (Rp) SO'AR p 
ilCO^T->$aL/-->3 >5f7ofc!(i^ > 5 a U — 5/ 3 > * ft h L T , zk JR >C * > j£ A 
© -9- > :/ ;!/ 1± 2 0 0 A (O y n > & ft fit # J£ fig * n ft ~> y a>Iffit L . tK^^*> f - 
X » J£ 6 x 1 O 1 6 cm" 2 lcWLfeLrc 0 ->5a ^^«*^ 1 titft, 

[a i ] 



Vac (Kev) 


10 


20 


30 


50 


75 


100 


150 


200 


RpjjS (nm) 


180.8 


299.4 


389.6 


542.4 


718 


900 


1300 


1780 


ARpi$. (nm) 


55.9 


73.1 


81.5 


91.5 


99.3 


106.6 


120.3 


129.5 



40 



[ 0 0 4 5 ] 

$ UC intf, 7j<I^* yjiAx^/l/^- (acce l e r a t i on Vo l t ag 
e ; V a c ) (OM'XciotS^fRSSeili ( R p ) I* li £ A, Z ItmffS lc&'J>? % £ £ 

a> y , a r p it^^>aAx*;i/^-©i'>tc<t o ^^^saie^s 

0KeV«T> «fC 3 0 K e V WTTttlSCSOt 5 C i: •) > d © £ Jg % ^ L 

Hi 2*#Kg^-nJf«fcDWStfc»A^So 0 1 2fIliil7Ki^*yftAx^;^- ( V a 50 
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c) X K> , IfllBAR pl^it. 

[ 0 0 4 6 ] 

Vk K S I M S t'AR pfi*IISL, TkiR-f^^aAfiBl 4 ©glllit I: R m s I (1 0 

/t m x 1 0 fi m ) *AFMTM£LTi2t^Lft, 
[* 2 ] 



Vac (Kev) 


26 


42 


45.2 


ARp-fii(nm) 


77 


87 


88 


rmS^fnm) 


3.16 


5.72 


6.55 



[ 0 0 4 7 ] 

m 2 IC J: n (f % 7j<|g^tyaAi*/^- ( V a c ) <Dif;!l[nc<fcoTARpffi&ti;!j[j-f 
SCfci^frO, RmsllfeiiilDtS<:tA^fr5. AR pit R m s f t©fftil$* 
01 3KHSlft, 01 3T*M(iARpl*, *SfM«Rmsfil^7K-ro 
[ 0 0 4 8 ] 

0 1 2fttfBl 3 6 , 7KJR^*>aAx*;l/^-Oifiinfc<fcoTfil&?RgE«tfi8ta 

Ttat5tyxy-;i/s o i — /^*HJg■rsfca^>©zk3R-<*>i^Ai*;^4 ^ — *3 20 

0 K e V JW T fc T Z> d t ffi W X & 5 £ ¥U 8?r L It 0 
[ 0 0 4 9 ] 

^iCl 2, 0 5. i8^^bi 1 0?:#8Stn(f, S 2P ^ x - 7n 2 0 45 «fc Q* IS x - 

ai o zvc&lt mm com vrc'&, cn^m^^-^^mmmicmm^-^^ c 

S3 6) o *Sit"(ii*©7K¥gf Si:«IoTS*-)x-A2 0 tg^^x-M 1 0 

to^ijnyntii 2 o) 'p & < tfe — &tfftic&mztix : t<Di£f!kmmff-MJ5\aiicfc 

^Dfti^if Stl5J:5tt5, c fttt I ¥ i - />»2 0:|3«fca : ilS'& , >x — 1 0 <D ^ 

- ffliJ -H ft e An EE L * #6 & « 2 •& s c tiaot, gtelitffic^otcn^P^ci 
fig s ti d 5 7k # & 2 <o # ^ Ff£ft%ftmicwis&hxffi£L&tf£>mmz j &%&x3b2>rc 30 
*b k . m m ® x <d # f # sk ^ e m '> l t & * -h w ft ± r s . 

[ 0 0 5 0 ] 

^^^x-7^ l 0 fc**ft^ft»i&&<Bt!*ffi*W-r**x-^3£«p#8 2 a, 8 2 b E ffi 
I?tl.o C©Bf. §f x-A$i^8 2 a> 8 2 b tt^-X 8 0 ilclj?n> x 
-7N^#^8 2 a, 8 2 b<7}ffi£*®E«?x-7N©^:|KE#jST§&^&A#£*3<fct>*SS 

3 „ §^x-/n$^^8 2 a. 8 2 b£D<f5*ig|HCt£&^x-7Nl 0, 2 0 * W ffi S> *P EE 
L-TJEE#T#§ r >x-7NffiS#8 4a, 8 4 b tffiSJntl^. LfttfoT, B8i>6 

01 0 (DMftlzmm? x - 7N 1 Otg^7i-A2Ot5i0ELtgiJt5„ 40 
[ 0 0 5 1 ] 

*«iT?Ol!|i'>i-A2 0 £ Sg x - 7N 1 0 tCDjg^tt^iSTHfig^Sil tA'SS 

L<> c<DB#, ^^x-7N«Ji7Ktt^ftTT*7K*^-&tcJ:t)fflSJga*nSo 
[ 0 0 5 2 ] 

* ^ t? 0 2 r v 0 6 ^ # hi -r n tf „ uuxmrnm^n^xynm-c * > & a sb 1 4 au » * 
» bb -r * ( s 3 8 ) . * n «g 0»j t? n ffi m m m « ft 4 0 0 °c « t t- '> * < 1 1. ft 1 # j-x ± fir 
5 o §§ f*i 3i § it tu ie o «t o e m $a a * e * % * > a a # © 7^ & & s ^ s ^ l t 

* H Sig 0IJ T' & x - 7n 1 OOSMinfeSsIORm sitt«3 0ftia4 0 AiDlBIt 
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[ 0 0 5 3 ] 

*¥£W%temffl<Drztb<Dm%! ! mum*S£tfRm s ffi £ IB ^ £> fcfctc 9t<Dn%i%: Lfco $k 
HffHT, ?J<I^tyftAx^;^-(i 2 8. 5 K e V T? & *) , A< M ■< * y F - X M 
{£ 5 x 1 0 1 0 c m ~ 2 *C IS £ L fc 0 T E MT?«SLfcH*gS*B 14 Ki Lft. 
[ 0 0 5 4 ] 

0 1 4 Z'ffimitm&mU&ZTjiL „ I® iffl ti R m s {fi (nm) 5:St 0 ^fflligfii' 4 5 
0 t T' S 5 1 p (C R m s <S fi $-J 3 . 1 5 n m T* & 0 , i5&lfiS^5 5 OfPfe^l^lC 
Rm silil5 1 0. 9 n m T? & *> , |& ® S ^ Jg 6 5 0 T & 3 *J§ tc R m s <g fi )ft 1 4 
. 5 nmt-$!), iil/gltf 7 5 0 T t*S 51 p^C R m s fli^ 2 5 . 0 n m U ± * 

scfctf^fri, $ m m m u m # 5 5 0 tTfe^ii^iciiiitf^ xp^-->3 ^ 10 

„ COi^ftSMI-POf-f Xn^-J/gXiftRtSlS^^i-Al 0 <D JS ^ tB l£ §P 1 
0 b © -7 x -y hiyf yy%PBft5S*fcft«. 
[ 0 0 5 5 ] 

o^5aaiSJif«4 5 ot^Ticiitsct^isL^o 

[ 0 0 5 6 ] 

0 1 5 It , »MXSWosa«ia«rliBi:»BaffiT©#'rKSS[i:©lii«*^-r^'77^fc* 

0 K»iigSii4 5 OtaTT'feO, ^y/;HH n?tlY^yaAx*;b4 ; -2 5K e 
VRtf 8 0 K e VT'fft)fcfc(Dta&0, ^jHSH« 1 0», Z O^Rtf 4 0^764. 20 
^ 9 7 h ft Z> «fc r> K % SiliSfil-ejftffliLTfToTfel&ffiieBiltfS^SHsi? 

[ 0 0 5 7 ] 

01 64iaii 9 it, m ffl Jim ft Kmmmumttmit e>i£<£v >^(vm. ft 
& z (D&z ic & % Tkmrnmco^itzmm l x 7*-? ? ? 7 r* & z o mmtkftt lt ^ * y& 

Ax^il/f-»2 6 K e Vf^O, 7l< iR * > F — Xi(i 5 x 1 0 1 6 cm - 2 fg 5£ L 
fzo 0 1 6liljl|li%Ltl^l^I0^77t*fe!), HI 714 4 5 0 XT?O!Rffli*fT 
•3ftgi0^7 7f^D, Bl 1 8tt6 5 0 XT©»jai*fjofceSOy7 7T*»)s 0 

1 9 it 7 5 0 tT?OSBli!ll*ff ofte«oy7 7f36 5. 

[ 0 0 5 8 ] 30 

01 6&i^L0i 9 (o fg m e> > 8t7i-^i oK^-rssBBxswFtcaiQaiafi^ 

L fc # o T\ »BUxei«U:+»«:r'J^*feJ:tf7U-^^«l©f6^©fci60zKJR'r*>' 

xmzmtiaiE Gtaiisit ziz^rcib* sin^ ^ o 0 1 4 © £ 3 tc r m s & m 

n >r * > f - xi r* t> + 53- (c m m $ n 3 § t ^ 5 c t & ft & z „ 

[ 0 0 5 9 ] 

i(ttB2*#ittlti\ |giSl!i!!iIT^^7i-A 1 0<D7j<fSY*>£AgiM 4 S§ 
63L^|> SSBBSttfcjR^JgjSBPl 0 b©SIi:WLT 1 3fc 7k ^ m & M * Vx *> ( S 4 0 ) 40 

o * m m m m. t -?m m m u m. 1 1 o o °c w ± t? '> & < 1 1, 1 # w ± fif ^ , fcmm&m'&ic 
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